® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 345 511 

A2 



EUROPEAN PATENT APPLICATION 



© Application number: 89109081.3 
© Oate of filing: 19.05-89 



©lntCiAC13J 1/06 , C07C 101/00 , 
C07C 99/00 



© Priority: 09.06.88 Fl 882740 

© Date of publication of application: 
13.12.89 Bulletin 89/50 

© Designated Contracting States: 

AT BE CH DE ES FR GB GR IT LI LU NL SE 



© Applicant: Cultor Ltd. 
Kyilikinportti 2 
SF-00240 Helsinki(Fi) 

@ Inventor: Heikkila, Helkki 
Aallonkohina 4 C 27 
SF-02320 Espoo(FI) 
Inventor: Hyoky, Goran 
Raberget D. 
SF-02460 Kantvik(R) 
Inventor: Kuisma, Jarmo 
Edis 1 E 38 
SF-02460 Kantvik(Fi) 



© Representative: Masch, Karl Gerhard et al 
Patentanwalte Andrejewski, Honke & Partner 
Theaterplatz 3 Postfach 10 02 54 
D-4300 Essen 1(DE) 



© Method for the recovery of betaine from molasses. 

© A method is provided wherein betaine is separated eluted from beet molasses using a c « 0 ^ 
simulated moving bed system having at least three chromatographic columns connected ,n series. The betaine 
«Z 9 he same cycle as'sucrose and rest molasses as a third fraction. The method compnses a 
m^L feeding and substantially simultaneous water feeding step, at least one water feed.ng step, a 
circulation step, and elution of sucrose, betaine and rest molasses fractions from sele cted co lumns. 
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METHOD FOR THE RECOVERY OF BETAINE FROM MOLASSES 

Field of the Invention 



The invention relates to a method for the recovery of the valuable substances, particularly betaine and 
5 sucrose contained in beet molasses by simulated moving bed chromatography. 



Background of the Invention 

70 

Betaine is a valuable compound which is used in animal fodders, as well as in pharmaceutical and 
cosmetic applications. 

Betaine occurs in the roots, seed and stems of a great variety of plants. Its concentration in sugar beet 
is relatively high, 1.0 to 1.5% on a dry solids basis. When sugar beet is processed for the recovery of 
75 sucrose, betaine concentrates in the molasses. Beet molasses usually contains from 3 to 8% of betaine 
calculated on a dry solids basis. 

Betaine is an amphoteric compound having the formula: 



CH 2 -COO 
+N(CH 3 ) 3 



It is known to recover betaine from beet molasses, rest molasses or vinasse by ion exchange, by 
crystallization as a hydrochloride, by extraction with an organic solvent, or by chromatography. 

A chromatographic method for the recovery of betaine is described in U.S. Patent No. 4.359,430; this 
method is a process in which molasses which contains betaine, such as beet molasses, is introduced to the 
top of a column containing a polystyrene sulphonate cat ion exchange resin in alkali metal form at a flow 
rate of 0.5 to 2.0 m 3 /h/m 2 . Elution with water is carried out for the recovery of betaine, sucrose and rest 
molasses from the downstream side of the resin bed. 

Simulated or pseudo-moving bed chromatography, i.e., a multi-step separation process in which a 
solution containing two or more substances to be separated is circulated with respect to a stationary phase, 
has been used for the separation of two components, such as glucose/fructose from high-fructose syrups or 
sucrose/rest molasses from molasses. 

The first commercial simulated moving bed method was described in U.S. Patent No. 2,985,589. U.S. 
Patent No. 4,404,037 describes a simulated moving bed technique wherein carbon is used as an adsorbent 
for the recovery of sucrose from molasses. U.S. Patents 4,426,232 and 4,533,398 describe similar methods 
wherein zeolite is used as an adsorbent. U.S. Patent 3,997,357 describes a continuous method for the 
recovery of sucrose from molasses, and U.S. Patent Nos. 4,519,845, 4,332.623 and 4,405,455 methods for 
the separation of sucrose from molasses. U.S. Patent No. 4,461,649 describes a method for simulated 
countercurrent separation of sugars. A summary of these separation methods is presented in e.g. Food 
Engineering (Anon) 1983 55 (5) p. 154, and Sugar y Azucar (1987) August, p. 27 and 29 (U. Bhawarda). 

Commercial simulated moving bed methods are also described in U.S. Patent 3.732,982, U.S. Patent 
No. 4,412,866, and Chemical Engineering 1981 August/September p. 389 to 393 (P. Barker et al.). In EPO 
application No. 0279946, a simulated moving bed method is described for the separation of beet molasses 
into three or more fractions. However, the recovery of betaine is not disclosed and the performance of the 
method is low. 

Beet molasses contains sucrose, betaine, salts, amino acids and other organic and inorganic compo- 
nents. It is highly desirable to recover betaine in the same cycle as sucrose. However, this has not been 
possible previously through the use of simulated moving bed methods. 
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In previous methods for the recovery of betaine from beet molasses using chromatographic methods, 
the separation capacity and/or the dry content of the separated fractions has been low. 

It is therefore an object of the present invention to separate sucrose, betaine, and rest molasses using a 
chromatographic technique in which all three fractions are recovered during the same cycle. 

It is another object of the present invention to recover a betaine-rich fraction by a single fractionation 
step with no post-fractionation required. 

It is another object of the present invention to effect a high performance separation of betaine so that 
the separation capacity is high, the yield of the different components in the product fractions is high, and 
the consumption of eluent water is low. 

BRIEF DESCRIPTION OF THE DRAWINGS 



75 The following drawings are illustrative of embodiments of the invention and are not meant to limit the 
scope of the invention as encompassed by the claims. 

FIGURE 1 is a schematic view of an apparatus having four chromatographic columns connected in 

series; 

FIGURE 2 is a schematic view of an apparatus having eight chromatographic columns connected in 
20 series; and 

FIGURE 3 is a graphical representation of the elution profile from column 8 of Example 1. 



25 SUMMARY OF THE INVENTION 

In accordance with the above-mentioned objects and others, the following invention provides an 
improved method for the recovery of betaine and sucrose by a chromatographic simulated moving bed 
30 technique comprising separating betaine by elution as a third fraction during the same cycle substantially 
simultaneously with sucrose and rest molasses. 

More particularly, the present invention relates to a method for the recovery of betaine and sucrose 
from beet molasses during the same cycle of a chromatographic simulated moving bed system having at 
least three chromatographic columns connected in series and adapted for the flow of liquids in a single 
35 direction through the columns. The cycle comprises a molasses feeding step comprising feeding a 
molasses feed solution into one of the columns and substantially simultaneously feeding water into another 
of the columns, a water feeding step comprising feeding water into one of the columns, a circulation step 
comprising circulating the molasses feed solution and the water through the columns, and an- eluting step 
comprising eluting a sucrose fraction from one of the columns, and eluting a betaine fraction from one of 
40 the columns and eluting a rest molasses fraction from one of the columns. 

Preferably one or more, and most preferably two or three product fractions selected from the group 
consisting of sucrose, rest molasses and betaine are eiuted from the columns during the molasses feeding 
step and the water feeding step. The betaine is preferably eiuted during said water feeding step from the 
bottom of a column downstream (i.e., farther in the direction of flow of said system) from the column into 
45 which the water is fed. 

In another embodiment, betaine is eiuted as substantially separate fraction in addition to or instead of 
rest molasses during the water feeding step. 

In another embodiment the method further comprises a second circulation step wherein rest molasses 
is eiuted between the first and second circulation steps. The column from which the rest molasses is eiuted 
so is positioned farther downstream from the column into which the water is fed. 

In other embodiments, the sucrose may be eiuted from the same column as betaine prior to said elution 
of said betaine, and the betaine and the rest molasses may be eiuted one after the other from the same 
column. 

Preferable cycles include from about 3 to 14 steps, the most preferable being from about 4 to about 8. 
55 It is also preferable that there be provided from 3 to about 14 chromatographic columns connected in 
series, and more preferably from 4 to about 8 chromatographic columns connected in series. A chromatog- 
raphic column may comprise one column or a plurality of short columns, each having feed distribution and 
eluent collecting means. 
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It is also preferable that the liquid flow rate in the columns is from about 0.5 to about 10m 3/ h/m 2 . 

It is further preferred that an elevated temperature of from about 40°C to about 85°C is used during 
eluation. It is also preferable that a strongly acidic cation exchange in monovalent form is used as the 
column filling material. 

s The eluent solution is preferably water because it is the most practical and economically advantageous. 
However, other eluents known to those skilled in the art may be used instead. 

The present invention is also related to a method for the recovery of betaine and sucrose from beet 
molasses from a chromatographic simulated moving bed system having at least three chromatographic 
columns connected in series and adapted for the flow of liquids in a single direction through the columns, 

w sequentially comprising (1) feeding a molasses feed solution into one of the columns, substantially 
simultaneously feeding water into another column downstream from the column which is fed with the feed 
molasses solution, and substantially simultaneously eiuting product fractions selected from the group 
consisting of a rest molasses fraction, a betaine fraction followed by a rest molasses fraction, a sucrose 
fraction, and a sucrose fraction followed by a betaine fraction; (2) circulating the molasses feed solution and 

75 the water in the direction of flow through the columns; (3) feeding water into one of the columns and eiuting 
rest molasses, betaine, or both from a column downstream; (4) circulating the molasses feed solution and 
the water in the direction of flow through the columns; (5) repeating steps (2) and (3) about 1-6 times during 
one cycle; and (6) repeating step (1) about 1-2 times or more during one cycle. 

The method may further comprise repeating the cycle continuously after equilibrium has been reached. 

20 By "equilibrium", it is meant that the composition of all fractions is constant and the sum of all fractions 
corresponds to the composition of the feed solution. 



In the method according to the invention several chromatographic columns are used in series. The 
series may comprise 3 to about 14 columns. The columns are interconnected with pipelines so that the 
circulation through all the columns can be established with one pump only. In place of one pump, several 

30 pumps can be used; for instance, pumps can be provided between several or all columns. The flow rate is 
0.5 to 10 m 3 /h/m 2 of the cross-sectional area of the column. Referring to Figure 1, an apparatus comprising 
four chromatographic columns 1-4 connected in series is shown. 

The columns are filled with a strongly acidic, gel-type cation exchange resin (e.g. "Zerolit 225" or 
"Finex C09") preferably in monovalent ion form, most preferably in sodium and/or potassium form. 

35 Figure 2 shows another apparatus according to the present invention which is similar to that which is 
shown in Ftgure 1 but in which has eight columns 1-8 connected in series. 

The columns are provided with feed tines 19, 20 and product lines 27-29 so that feed solution and 
eluent water can be fed into the columns and the product fraction collected from the column. 

More particularly, a first container 17 is provided which contains diluted molasses fed to a preselected 

40 column. The molasses is fed to a preselected column via a molasses feed pump 22 into a molasses feed 
pipe 19. The apparatus is also provided with a second container 18 which contains water. The water is fed 
to a preselected column via a water feed pump 23 into a water feed pipe 20. The feed lines 19, 20 and 
product lines 27-29 as well as the pipelines interconnecting the columns 9-12 are provided with 30-60 
valves so that the feeding and the collecting can be interrupted after a preselected amount of the solution 

45 has been fed or collected, respectively. 

The product lines are provided with on-line instruments (not shown) so that the quality of the product 
can be monitored during operation. The on-line instruments include a density meter or the like; a refractive 
index meter, a conductivity meter, a meter for optical activity and a thermometer. The process control is 
carried out by a microprocessor or computer. 

so Before undergoing chromatographic separation, the feed solution (beet molasses) is diluted with water 
to a concentration of from about 40 to 60 percent by weight. The diluted feed solution is, after the addition 
of sodium carbonate to remove calcium as calcium carbonate, filtered using diatomaceous earth as a filter 
aid. Before feeding into the separation columns 1-4, the molasses solution is heated by heat exchanger 24 
to a temperature ranging from about 50° to about 85°C. 

55 Elution is carried out with water which is provided via water container 18, water feed pipe 20, and water 
feed pump 23. The water is preferably heated in heat exchanger 26 to a temperature of from about 50° to 
about 85°C before the elution step is carried out. 

During the separation, the feed solution batch is circulated through the column series by means of the 



DETAILED DESCRIPTION 
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pump 21. A new portion of feed solution is added to the column series between partly separated rest 
molasses and sucrose fractions to the top of a preselected column. 

For example, when the feed solution is fed into the first column, betaine and rest molasses fractions 
may be collected from the bottom of the second column. The third column is simultaneously fed with water, 
5 and a sucrose fraction can be collected from the fourth column. 

It is also possible to elute the sucrose and betaine fractions one after another from the same column by 
feeding eluent water to the top of a preceding column in the column series. As appears from Figure 3, 
sucrose and betaine fractions thereby partly overlap; however, the fractions obtained have sufficient purity. 

After the feeding of the feed solution and the eluent water into the columns and the collecting of the 
10 product fractions, the circulation of the solutions contained in the columns is started. The circulation of the 
solutions is continued throughout the entire series of columns until a new batch of feed solution and/or 
eluent water can be fed again in the same preselected columns as previously used. 

If desired, the circulation can be interrupted, and water can be fed into the column downstream from the 
preceding water feeding point for collecting a rest molasses and/or betaine fraction from a column 
is positioned downstream in the column series. 

The circulation can be continued until the following feed solution batch or eluent water batch is fed into 
columns positioned downstream in the column series than during the previous cycle. This improves the 
efficiency of the separation. 

The manner in which it is determined which column is to be eluted in order to obtain betaine, sucrose 
20 or rest molasses in accordance with present invention is well known in the art. For example, the elution of 
sucrose may be determined by on-line optical activity measurement. The elution of ionic non-sugars may 
be determined by on-line conductivity measurement. The elution of betaine may be determined by the 
analysis of collected samples. The elution of rest molasses is begun when the density and conductivity 
measurements begin to increase. These measurements are used to determine the optimum volumes of 
25 fractions. In addition, the total dry substance content of a fraction may be determined by an on-line density 
measurement. 

The sucrose content of the sucrose fraction obtained by the method of the present invention may vary 
from about 80 to about 95% on a dry solids basis, and the betaine content of the betaine fraction from 
about 25 to about 80% on a dry solids basis. The sucrose content of the rest molasses fraction may vary 

30 from about 15 to about 30% on a dry solids basis . These values, however, do not represent the actual 
limits of the performance of the new methods; they are mere examples of a normal operation when using 
beet molasses containing about 60% of sucrose and about 4.5 to 5.5% of betaine on a dry solids basis. 

The dry substance content of the sucrose fraction may vary from 25 to about 35% by weight, and the 
dry substance content of the betaine fraction and the rest molasses fraction from about 4 to about 10% by 

35 weight. These, too, are mere examples of the performances of the new method. The dry content of beet 
molasses is about 80%. 

Betaine may then be recovered from the betaine fraction by any method known in the art. Preferred 
processes which may be used to recover betaine or pharmaceutical grade betaine monohydrate are set 
forth in U.S. Patent No. 4,359,430. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



45 In the following examples the present invention will be illustrated in more detail by describing the 
separation of betaine, sucrose and rest molasses from beet molasses substantially simultaneously during 
the same cycle using a chromatographic simulated moving bed technique. These examples should not be 
considered to restrict the scope of the invention; instead, they are mere examples of the use of the 
chromatographic simulated moving bed technique for the recovery of betaine from beet molasses as a third 

so fraction substantially simultaneously with sucrose and rest molasses during the same cycle. 



Example 1 

55 A pilot scale chromatographic equipment was used. A flow sheet is provided in Figure 2. It comprised 
eight columns, a feed pump, a circulation pump, an eluent water pump, flow control and pressure control 
devices, and valves for inlets and outlets of different process streams. 

The columns, each of which had a diameter of 200 mm, were filled with a strongly acidic cation 
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exchange resin ("Finex C09", produced by Rnnish Sugar Co. Ltd.). The resin had a polystyrene divinylben- 
zene matrix and it contained sulphonic acid groups. The resin bed height was 1250 mm in alt columns. The 
average particle size was about 0.36 mm. The resin was initially regenerated into sodium form. During the 
run it was gradually equilibrated with the cations contained in the feed molasses. After equilibrium has been 
5 achieved, the process can be continued as such for weeks without major changes. The temperature of the 
solutions introduced into the columns was about 70°C, and the flow rate was 120 liters per hour (1/h). 

The feed solution was beet molasses from which calcium had been precipitated by adding sodium 
carbonate (pH 9). The calcium carbonate precipitate was filtered off. 

The separation of sucrose and betaine was carried out by a 5-step sequence where every column had 
jo its specific function. The columns were connected in series and the flow direction was always from column 
no. 1 to column no. 2 etc., and from column no. 8 back to column no. 1 , as follows: 

Step 1 : Molasses was fed into column 1 and rest molasses was eluted from column 6. At the same 
time water was fed into column 7, and sucrose and betaine, in that order, were eluted from column 8 (see 
Figure 3). 

75 Step 2: Water was fed into column 7 and rest molasses was eluted from column 6. 

Step 3: Circulation of the solution in all the columns by the circulation pump. 
Step 4: Water was fed into column 3 and rest molasses was eluted from column 2. 
Step 5: Circulation in all columns. 

20 When the sequence had come to its end, the process control program went on by returning to step 1 . 

By repeating these sequences 5 to 7 times the system was equilibrated and product fractions with constant 

compositions were eluted and analyzed (see Tables 1 and 2). 

The separation was controlled by a microprocessor determining accurately specified volumes of the 

feed, the circulation and the product fractions. 
25 Table 1 shows the feed, circulation and product fraction volumes. Table 2 shows the compositions of 

the feed and of the product fractions by weight on a dry solids basis. Figure 3 is a graphical representation 

of the elution profile from column no. 1, showing the concentration of salts, oligosaccharides, sucrose and 

betaine as a function of time, 

so Table 1 



Feed, Circulation and Product Fraction Volumes in 




Liters 










Step No. 


1 


2 


3 


4 


5 


Feed 


25 










Rest Molasses fraction 


25 


15 




30 




Betaine fraction 


25 










Sucrose fraction 


25 










Circulation 






62 




62 



Table 2 

45 



Compositions of the Feed and Product Fractions 




Dry 


Sucrose 


Betaine 


Other substances 




substance 


(weight-% on 


(weight-% on 


(weight-% on d.s.) 




(kg/1) 


d.s.) 


d.s.) 




Feed 


0.623 


58.4 


7.6 


34.0 


Rest molasses fraction 


0.104 


33.3 


0.6 


66.1 


Betaine fraction 


0.047 


11.1 


70.9 


18.0 


Sucrose fraction 


0.295 


86.8 


3.3 


9.9 
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Example 2 



The equipment the resin and the conditions were the same as in Example 1, except for the flow rate. 
5 which was 150 l/h. 

The process control was carried out by a 2x7-step sequence. The steps 1 to 7 comprise feeding one 
batch of molasses and three water elution steps. The operations in steps 8 to 14 were identical to those in 
steps 1 to 7 t but were performed four columns farther downstream (in the direction of flow of the column 
series): 

70 Step 1: Molasses solution was fed into column 7 and rest molasses was eluted from column 4. At the 

same time water was fed into column 5 and sucrose eluted from column 6. 
Step 2: Circulation in all columns. 

Step 3: Water was fed into column 1 and rest molasses was eluted from column 8. 
Step 4: Circulation in all columns. 
75 Step 5: Water was fed into column 5 and at the same time betaine and rest molasses, in that order, 

were eluted from column 4. 

Step 6: Circulation in all columns. 

Step 7: Water was fed into column 1 and betaine was eluted from column 8. 

Step 8: Molasses solution was fed into column 3 and rest molasses was eluted from column 8, and at 
20 the same time water was fed into column 1 and sucrose was eluted from column 2. 
Step 9: Circulation in all columns. 

Step 10: Water was fed into column 5 and rest molasses was eluted from column 4. 
Step 1 1 : Circulation in all columns. 

Step 12: Water was fed into column 1 and at the same time betaine and rest molasses, in that order, 
25 were eluted from column 8. 

Step 13: Circulation in all columns. 

Step 14: Water was fed into column 5 and betaine was eluted from column 4. 

Table 3 shows the feed, circulation and product fraction volumes, and Table 4 the compositions of the 
30 feed and the product fractions. 

Table 3 



Feed, Circulation and Product Fraction Volumes in Liters 


Step No. 


1/8 


2'9 


3/10 


4/11 


5/12 


6/13 


7/14 


Feed 


25 














Rest molasses fraction 


25 




25 




10 






Betaine fraction 










15 




15 


Sucrose fraction 


25 














Circulation 




70 




56 




56 





Table 4 



Compositions of the Feed and Product Fractions 




Dry 


Sucrose 


Betaine 


Other substances 




substance 


(weight-% on 


(weight-% on 


(weight-% on d.s.) 




(kg/I) 


d.s.) 


d.s.) 




Feed 


0.615 


58.4 


7,6 


34.0 


Rest molasses fraction 


0.089 


23.5 


4.8 


717 


Betaine fraction 


0.082 


21.9 


35.9 


42.5 


Sucrose fraction 


0.281 


92.5 


0.9 


6.6 
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Example 3 



The equipment, the resin and the conditions were the same as in Example 2. The process was 
5 controlled, as in Example 2, by a 2x7-step sequence. The operations in steps 8 and 14 were identical to 
those in steps 1 to 7, but they were performed four columns downstream. The main difference was that the 
betaine fraction was recovered separately from one predetermined column. 

Step 1 : Molasses was fed into column 1 and rest molasses was eluted from column 4. At the same 
time water was fed into column 5 and sucrose eluted from column 6. 
70 Step 2: Circulation in all columns. 

Step 3: Water was fed into column 1 and rest molasses was eluted from column 8. 
Step 4: Circulation in all columns. 

Step 5: Water was fed into column 5 and rest molasses was eluted from column 4. 
Step 6: Circulation in all columns. 
15 Step 7: Water was fed into column 1 and betaine was eluted from column 8. 

Step 8: Molasses was fed into column 5 and rest molasses was eluted from column 8. At the same 
time, water was fed into column 1 and sucrose eluted from column 2. 
Step 9: Circulation in all columns. 

Step 10: Water was fed into column 5 and rest molasses was eluted from column 4. 
20 Step 11: Circulation in all columns. 

Step 12: Water was fed into column 1 and rest molasses was eluted from column 8. 
Step 13: Circulation in all columns. 

Step 14: Water was fed into column 5 and betaine was eluted from column 4. 

25 The fraction volumes appear from Table 5, and the compositions of the feed and product fractions from 
Table 6. 

Table 5 



Feed, Circulation and Product Fraction Volumes in Liters 


Step No. 


1/8 


2/9 


3/10 


4/11 


5/12 


6/13 


7/14 


Feed 


20 














Rest molasses fraction 


20 




30 




20 






Betaine fraction 














20 


Sucrose fraction 


20 














Circulation 




56 




55 




55 





40 

Table 6 



Compositions of the Feed and Product Fractions 




Dry 


Sucrose 


Betaine 


Other substances 




substance 


(weight-% on 


(weight-% on 


(weight-% on d.s.) 




(kg/l) 


d.s.) 


d.s.) 




Feed 


0.615 


59.0 


6.1 


34.9 


Rest molasses fraction 


0.058 


11.3 


5.4 


83.3 


Betaine fraction 


0.064 


8.8 


25.4 


65.8 


Sucrose fraction 


0.358 


90.1 


1.4 


8.5 



55 

Example 4 



8 



EP 0 345 511 A2 



The equipment, the resin and the conditions were the same as in Examples 1 to 3, except for the 
number of the columns, which was 4, and the flow rate, which was 120 l/h (the feed, the circulation, and the 
eiution of rest molasses) and 280 l/h (the elution of sucrose and betaine). The height of the resin bed was 
2500 mm. 

s The process was controlled by an 8-step sequence. 

Step 1: Molasses was fed into column 1 and rest molasses was eluted from column 3. At the same 
time water was fed into column 4, and sucrose and betaine, in that order, were eluted from the bottom of 
the same column. 

Step 2: Circulation in all columns. 
io Step 3: Water was fed into column 1 and rest molasses was eluted from column 4. 

Step 4: Circulation in ail columns. 

Step 5: Water fed into column 2 and rest molasses was eluted from column 1 . 
Step 6: Circulation in all columns. 

Step 7: Water fed into column 2 and rest molasses was eluted from column 2. 
75 Step 8: Circulation in all columns. 

The feed, circulation and product fraction volumes appear from Table 7 and the compositions of the 
feed and the product fractions from Table 8. 

2 n Table 7 



Feed, Circulation and Product Fraction Volumes in Liters 


Step No. 


1 


2 


3 


4 


5 


6 


7 


8 


Feed 


20 
















Rest molasses 


20 




16 




16 




16 




Betaine 


28 
















Sucrose 


24 
















Circulation 




30 




30 




32 




32 



Table 8 



Compositions of the Feed and Product Fractions 





Dry 


Sucrose 


Betaine 


Other substances 




substance 


(weight-% on 


(weight-% on 


(weight-% on d.s.) 




(kg/I) 


d.s.) 


d.s.) 




Feed 


0.790 


62.3 


6.5 


31.2 


Rest molasses 


0.094 


30.1 


2.1 


67.8 


Betaine 


0.045 


21 .2 


59.1 


19.7 


Sucrose 


0.311 


89.3 


1.9 


8.8 



45 

Many other variations of the present invention would be obvious to those skilled in the art, and are 
contemplated to be within the scope of the appended claims. The above-mentioned patents are hereby 
incorporated by reference. 

50 

Claims 

1 . A method for the recovery of betaine and sucrose from beet molasses during the same cycle of a 
chromatographic simulated moving bed system having at least three chromatographic columns connected 
55 in series and adapted for the flow of liquids in a single direction through the columns, said cycle comprising 
a molasses feeding step comprising feeding a molasses feed solution into one of said columns 
and substantially simultaneously feeding eluent water into another of said columns, 
an eluent water feeding step comprising feeding water into one of said columns, 
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a circulation step comprising circulating said molasses feed solution and said water through said 
columns, and 

eluting product fractions during said steps selected from the group consisting of a rest molasses 
fraction, a betaine fraction followed by a rest molasses fraction, a sucrose fraction, and a sucrose 
5 fraction followed by a betaine fraction, and 

repeating said steps 1 to 6 times during one cycle. 

2. The method of claim 1 , further comprising eluting a sucrose and a betaine fraction sequentially from 
one of said columns. 

io 3. The method of claim 1 or 2, wherein said molasses feeding step and said water feeding step further 

comprise eluting two or three product fractions selected from the group consisting of sucrose, rest 

molasses and betaine from one of said columns. 

4. The method of claim 3, wherein said betaine is eluted during said water feeding step from a column 

downstream from the column into which the water is fed. 
T5 5. The method of claim 3, further comprising eluting said rest molasses as a substantially separate 

fraction in addition to said betaine during said water feeding step. 

6. The method of claim 1, further comprising eluting said betaine and said rest molasses one after the 
other from the same column. 

7. The method of claim 1, further comprising providing from 3 to about 14, preferably from 4 to about 8, 
20 chromatographic columns connected in series. 

8. The method of claim 1. wherein a strongly acidic cation exchange resin is used as an adsorbent in 
said chromatographic columns. 

9. The method of claim 8. wherein said strongly acidic cation exchange resin is in monovalent form, 
preferably in sodium or potassium form, or a mixture of said forms. 

25 10. The method of claim 1, wherein the liquid flow rate in said columns is from about 0.5 to about 10 
m 3/ h/m 2 . 

11. The method of claim 1. wherein the temperature of said circulating feed solution and water is from 
about 40° to about 85°C. 

12. A method for the recovery of betaine and sucrose from beet molasses from a chromatographic 
30 simulated moving bed system having at least three chromatographic columns connected in series and 

adapted for the flow of liquids in a single direction through the columns, sequentially comprising 

(1) feeding a molasses feed solution into one of said columns and eluting a rest molasses fraction 
from a column downstream from said column which is fed with said molasses feed solution; 

(2) feeding water into one of said columns downstream from said column which is fed with said feed 
35 molasses solution at substantially the same time as said feeding of said molasses feed solution, and eluting 

product fractions comprising a sucrose fraction followed by a betaine fraction from a column downstream 
from said column which is fed with water; 

(3) circulating said molasses feed solution and the water in said direction of flow through said 
columns; 

40 (4) feeding water into one of said columns and eluting rest molasses from a column downstream from 

said column which is fed with water; 

(5) circulating said molasses feed solution and the water in said direction of flow through said 
columns; 

(6) feeding water into one of said columns and eluting rest molasses from a column downstream from 
45 said column which is fed with water; and 

(7) circulating said molasses feed solution and the water in said direction of flow through said 
columns. 

13. The method of claim 12, further comprising repeating steps 1-7 starting with feeding a molasses 
so feed solution into a column downstream from said column into which said molasses feed solution was fed 

during the previous cycle. 

14. A method for the recovery of betaine and sucrose from beet molasses using a chromatographic 
simulated moving bed system having at least three chromatographic columns connected in series and 
adapted for the flow of liquids in a single direction through the columns, sequentially comprising 

55 (1) feeding a molasses feed solution into one of said columns and eluting a rest molasses fraction 

from a column downstream from said column which is fed with said molasses feed solution; 
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(2) feeding water into one of said columns downstream from said column which is fed with said feed 
molasses solution at substantially the same time as said feeding of said molasses feed solution, and eluting 
a product fraction selected from the group consisting of sucrose, betaine and a sucrose fraction followed by 
a betaine fraction from a column downstream from said column which is fed with water; 
5 (3) circulating said molasses feed solution and the water in said direction of flow through said 

columns; 

(4) feeding water into one of said columns and eluting rest molasses from a column downstream from 
said column which is fed with water; 

(5) circulating said molasses feed solution and the water in said direction of flow through said 

io columns; 

(6) feeding water into one of said columns and eluting betaine from a column downstream from said 
column which is fed with water; and 

(7) circulating said molasses feed solution and the water in said direction of flow through said 
columns. 

15 

15. The method of claim 1, 2, 12 or 14 further comprising repeating said cycle after equilibrium has 
been reached. 

16. The method of claim 15, further comprising repeating steps 1-7 starting with feeding a molasses 
feed solution into a column downstream from said column into which said molasses feed solution was fed 

20 during the previous cycle. 
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FIG. 3 
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